A combined technique of autoradiography and immunohistochemistry is described for localization of radioactively labeled ligands and antibodies to neuropeptides, protein hormones and neurotransmitter synthesizing enzymes in the brain. This method permits the simultaneous visualization of radioactively labeled cells and neuropeptide-producing cells in the same tissue preparation. Autoradiograms are fixed with weak paraformaldehyde solution prior to photographic processing for subsequent immunoperoxidase staining. With this proce-dure 3H-estradiol is localized in neurophysin I and atginine vasopressin-producing cells of the mouse supraoptic and paraventricular nuclei, neurophysin-producing cells of the guinea pig hypothalamus, and dopamine-13hydroxylase-containing neurons of the rat lower brainstem; 3 H-dihydrotestosterone in pituitary gonadotropes and thyrotropes; and 3 H-1,25-(OH) 2 vitamin D3 in pituitary thyrotropes and pancreatic B-cells.
Introduction
The gonadal steroid hormones as well as adrenal steroid hormones influence brain functions by acting at specific sites in the brain. Receptor sites for steroid hormones in the brain have been identified by the use of dry-mount and thaw-mount autoradiography (34) . We have earlier advanced the concept that steroid hormones alter production and release of neurohormones (33) and supportive evidence for this is accumulating. These neurohormonal agents, including neuropeptides and "biogenic amines," regulate pituitary hormone secretion, which in turn control gonadal and adrenal function (5, 8, 12) . It is also known that there is a functional relationship between steroid hormones and catecholamine metabolism in the central nervous system (1, 2, 4, 10, 29) .
The distribution of peptidergic neurons and their pathways in the brain are mapped by the immunohistochemical method with the availability of specific antibodies (7) . The distribution of the catecholamine and indolamine systems have been mapped by the fluorescence method as well as immunohistochemistry (3, 7, 18, 38) . In many areas of the brain, steroid hormone-concentrating cells are localized (18, 21, 32, (35) (36) (37) were peptidergic neurons and catecholamine neurons exist.
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In order to demonstrate the direct morphological relationship between steroid hormone target cells and peptidergic or catecholamine-producing neurons, we describe here a combination technique of thaw-mount autoradiography and immunohistochemistry. This combination technique permits the visualization in the same histological section of target sties for one substance as well as production sites of another substance (22) (23) (24) .
In our laboratory we had earlier developed a procedure to combine dry-mount autoradiography with immunohistochemistry to visualize steroid hormone target cells and peptide-producing cells simultaneously in the same tissue section (9, 17) . With the application of this technique immunocharacteristics of estrogen, androgen, and dexamethasone target cells in the pituitary have been assessed (9, 16, 17) . Since thaw-mount autoradiography is easier to perform than the dry-mount autoradiography, in recent years the thaw-mount technique has been used more extensively. We have, therefore, applied immunohistochemical staining to thaw-mount autoradiograms (22) .
Materials and Methods
The combined technique of autoradiography and immunohistochemistry consists of tissue preparation for autoradiography (thaw-mount or dry-mount) and subsequent immunostaining of autoradiograms after photographic development and fixation.
Three-month-old female Swiss albino mice, 2-month-old female Holtzman Sprague-Dawley rats, and 35-day-old female Hartley strain 162 SAR, STUMPF guinea pigs, ovariectomized for 72 hr, were injected intravenously with 2,4,6,7 3H-estradiol-17/3, specific activity 95 Ci/mM. Rats (n = 4) and guinea pigs (n = 3) received 0.5 µg per 100 g body weight, while mice (n = 4) received 1.0 µg per 100 g body weight. The animals were killed after 1 hr and the tissues were processed for autoradiography. Additional animals (n = 3) were injected with excess of unlabeled estradiol-17/3 prior to the injection of 3 H-estradiol to show that the localization of radioactivity in cells was specific.
Tissue preparation for autoradiography. The technique consists of the following steps: 1) freezing of tissue onto a metal holder, 2) sectioning of frozen tissue in a cryostat at -35 to -40°C, 3) mounting of frozen or freeze-dried sections on emulsion-coated slides, and 4) exposure of the slides at -15°C.
After administration of the radioactively labeled compound, depending on the experimental condition and protocol, the animals are killed at a select time, the brains removed and dissected. The tissue blocks are placed on holders containing minced liver as base. The mounted tissue is then frozen in liquefied propane (-180°C) and subsequently stored in a liquid nitrogen storage container until frozen sectioning. Four micrometer serial sections are cut in a Wide-Range cryostat (Harris Mfg. Co., N. Billerica, MA) at -35 to -40°C. Under safelight the sections are picked up from the knife by dried photographic emulsion (Kodak NTB-3)-coated slides that are kept at room temperature. The slides are transferred to a lightproof desiccator box. The box is sealed and stored at -15°C for exposure. The length of the exposure time is dependent on the specific activity, the dose of the radioactively labeled compound used, and the specific concentration in the tissue. At the end of exposure, histological fixation is intro-duced prior to photographic development. In contrast to ordinary autoradiograms, histological fixation is essential in order to obtain immunostaining. Fixation of exposed slides before autoradiographic development. At the end of the exposure time, the lightproof box is removed from the freezer and kept at room temperature for 1 hr before opening. The slides are then fixed for 30 sec in 2.5-3% paraformaldehyde solution in .01 M phosphate buffer-isotonic saline (PBS), pH 7.5, followed by rinsing with PBS. The fixative and PBS are kept at 4°C in an ice bath. Mild formaldehyde fixation appears suitable, since it does not produce change in the tissue morphology nor appreciably destroy antigenic characteristic of tissues. Furthermore, it does not have any deleterious effects on the undeveloped autoradiograms, such as, fading of silver grains or fogging of the emulsion. This fixation procedure is also applied when freeze-dried sections are used, except, the slides are breathed on over the section before fixation, in order to prevent loss of section from the slides during subsequent photographic processing. Other fixatives such as Figure 1 ) and 90 days (Figures 2, 3 ). 4 µm X 510 ( Figure 1 ); X 850 (Figures 2, 3) . Figure 1 reproduced from Sar and Stumpf (23) . 4% buffered formalin or Bouin's fluid may be used. In the case of Bouin's fluid, the yellow color should be rinsed out before processing for immunostaining.
Autoradiographic development. Following rinsing in PBS after formaldehyde fixation, the slides are developed in Kodak D-19 developer, diluted 1:1 with PBS, at 16°C for 40 to 60 sec, rinsed in PBS, and then fixed with Kodak rapid fixer for 5 min. After fixation the slides are washed in two changes of PBS, 5 min each, and then processed for immunoperoxidase staining. The formaldehyde fixation as well as autoradiographic development and fixation are performed in the darkroom under safelight.
Immunoperoxidase staining. A modification of the immunoglobulin-enzyme bridge technique (28), originally described by Mason and co-workers (11) , is applied using the peroxidaseantiperoxidase (AP) complex (30) . In order to reduce nonspecific staining of thaw-mount or dry-mount autoradiograms by immunoperoxidase staining, the slides are treated either with hydrogen peroxide-egg albumin (39) or phenylhydrazine in PBS, pH 7.1 (31), followed by egg albumin. We are now routinely treating the sections with phenylhydrazine. Phenylhydrazine treatment eliminates nonspecific background staining and to some extent reduces endogenous peroxidase activity. Accordingly, the autoradiograms are incubated with freshly prepared 0.05% phenylhydrazine solution in .01 M PBS, adjusted to pH 7.1, for 1 hr at 37°C, and washed with three changes of PBS 5 min each, followed by 5 min treatment with egg albumin. After a rinse with PBS the section are incubated with the primary antiserum.
The excess of buffer around the tissue section is removed. The slides are placed on a plastic immunoframe, which can carry 6 slides. The primary antibodies raised in rabbit are then applied at optimal dilution over the section. The immunoframe with the slides is then transferred to stainless steel racks that are subsequently kept in humidity chamber at 4°C for 24 to 48 hr. The frame, rack, and humidity chamber are commercially available (Fisher Scientific Co., Pittsburgh, PA) and components of Gelman Immunoelectrophoresis Kit. After incubation with the primary antiserum, the slides are washed with PBS and 1% normal sheep serum in PBS for 3 min each followed by incubation with second antibodies, sheep anti-rabbit gamma globulin diluted 1:100 for 10 min. Following a 3 min wash in (13) or Hanker-Yates Reagent (p-phenylenediamine-pyrocatechol) (Sar unpublished) can be used. After incubation with the substrate, the slides are washed in Tris buffer and PBS for 3 min each followed by counterstaining either with 0.75% methyl green or 0.1% toluidine blue in PBS. The slides are then dehydrated through ascending grades of alcohol, cleaned in two changes of xylene, and mounted with Permount and a cover slip. All of the above steps, except the incubation with the primary antiserum, are done at room temperature.
Dilution of antisera are made in 0.01 M PBS (pH 7.6) containing 0.1% sodium azide and 1% normal serum of the species in which the second antibodies (anti-gamma globulin) are generated. For example, normal sheep serum is used in the primary rabbit antiserum-sheep anti-rabbit gamma globulin-rabbit PAP sequence, and normal goat serum is used in the primary guinea pig antiserum-goat anti-guinea pig gamma globulin-guinea pig PAP sequence. PAP is diluted in 0.01 M PBS containing 1% normal serum without 0.1% sodium azide, since it inhibits peroxidase activity. For each antiserum the optimal concentration is determined.
In certain cases the penetration of antibodies into tissue sections may be a limiting factor (31) . For this reason some investigators have used detergents such as saponin and Triton X-100 to increase the sensitivity of peroxidase staining. We have made similar observations, when brain sections were stained immunohistochemically with dopamine-/3-hydroxylase (DBH) antiserum and pancreatic tissues are stained with insulin antiserum. When frozen sections are treated with 0.3% Triton X-100 in PBS or the antiserum is diluted in PBS containing 0.3% Triton X-100 the immunoreactivity of the antigen in the tissues is enhanced by several fold (Sar, unpublished observation). It is, therefore, important to modify the procedure in some instances when it is necessary to increase the sensitivity of the immunoperoxidase procedure.
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Specificity of the immunohistochemical staining. To test specificity of the immunohistochemical reaction, three types of control are used: 1) Tissue is processed for immunohistochemical staining without incubation with primary antiserum; 2) preimmune serum is used instead of specific antiserum; 3) immune antiserum is used for incubation after being absorbed with the appropriate antigen. This procedure has been described (15) .
Antiserum to bovine neurophysin I raised in rabbit was obtained from Dr. E.A. Zimmerman, New York, and rabbit antiserum to arginine vasopressin from Dr. D.K. Lederis, Calgary, Alberta, Canada. Rabbit antiserum to rat dopamine-/3-hydroxylase was provided by Dr. T.H. Joh, Cornell Medical College, New York. Guinea pig antiserum to bovine insulin was obtained from Miles Laboratories, Inc., Elkhart, In.
Applications
One hour after injection of 3H-estradiol into ovariectomized mice, many neurons in the supraoptic and paraventricular nuclei showed nuclear concentration of radioactivity. When Figure 6 and 7. Thaw-mount autoradiograms of rat anterior pituitary ( Figure 6 ) and pancreas (Figure 7 ) prepared 2 hr after 3 H-1,2,-(OH)2 vitamin D3 and stained immunohistochemically with bovine B-TSH antiserum (1:1000) ( Figure 6 ) and bovine insulin antiserum (1:4000) ( Figure 7 ). TSH cells in pituitary and B cells in pancreas show nuclear concentration of radioactivity. Exposure time 180 days. 4 µm section: X 850 ( Figure 6 ). Figure 6 reproduced from Sar et al. (27) . autoradiograms were stained immunohistochemically with neurophysin I antiserum, some of the estradiol target cells in these two nuclei showed positive staining (Figure 1 ). When antiserum to arginine vasopressin was used, positively stained cells were found also in both nuclei. Most of these cells were labeled with 3 H-estradiol. However, in the supraoptic nucleus most of the cells showed immunoreactivity to vasopressin antiserum, while in the paraventricular nucleus only a few cells were stained (23) . In the rat most of the cells in the supraoptic nucleus were positively stained for neurophysin, but many of these positive cells were only weakly labeled or unlabeled with
